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Abstract
In order to combat the negative feelings many young students have towards STEM, I
designed a week-long summer camp that teaches students about biomedical engineering as well
as collaboration, communication, and confidence with STEM subjects. This work includes a
literature review outlining what STEM is and current issues in STEM education, including
disinterest in STEM and attrition in STEM degree programs. The literature review outlines
current methods and ideas being utilized to combat these issues, namely, inclusive pedagogical
strategies, and how some of these concepts can be applied to the summer camp. The curriculum
document included outlines each activity, its purpose, supplies needed, and the procedure of the
activity. Each day of the camp covers a different area of biomedical engineering with
corresponding activities, including biomaterial, biomechanical, and tissue engineering, and
medical imaging. The final day of the camp includes a team design project that incorporates the
skills and concepts the campers learned the previous days. The camp also includes a field trip to
the Biomechanics Research Building at UNO and a question-and-answer session with a
biomedical engineering college student. While camp activities are centered around biomedical
engineering, lessons will also focus on fostering a growth mindset through the use of Social and
Emotional Learning (SEL) activities. SEL activities use collaboration, reflection, and learning
from failure to establish a positive mindset that can help students persevere though challenges.
The goal of this camp is to give young students a positive STEM experience that focuses on
project-based learning and demonstrate how STEM subjects are applied creatively to solve realworld problems and improve lives.
Keywords: STEM education, engineering education, K-12 education, engineering camp,
pedagogy, social and emotional learning
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Engineering and STEM Education: Increasing Interest and Self-Efficacy through a Biomedical
Engineering Summer Camp
A Literature Review

by
Kayla Ney

INTRODUCTION
This literature review explains the definition and history of STEM, then outlines several
considerations of STEM education that educators have struggled with for decades, including
disinterest, attrition, and deeply ingrained societal biases that effect equal access and attainment
of STEM degrees and careers. The review explains how programs are currently dealing with
these issues and considerations for combating these issues in the future, including the
development of inclusive pedagogy. Using the research-based intervention methods described,
the review outlines considerations for an inclusive biomedical engineering camp for the purpose
of increasing young students’ interest in engineering.
WHAT IS STEM, WHERE DID IT COME FROM, AND WHAT’S THE CONFUSION?
STEM education is a newer focus in education comprised of curriculum that unites the
subject areas of science, technology, engineering, and math (1). This concept was created by the
National Science Foundation in the 90’s, and the idea behind it was to create a scientifically
literate society (1, 2). STEM as a concept was being used before the acronym was created (3).
There began to be a greater focus on science education as technology became more prevalent,
such as during World War 2 and the Sputnik launch (1, 3). Following these events, there was a
great effort headed by the government and NASA to enhance science education in the United
States (3). These efforts eventually led to the creation of the acronym, to help define current
education gaps in terms of STEM concepts (3). Despite the efforts of multiple organizations such
as the NSF, NASA, educational entities, and other national scientific societies and millions of
dollars in grants, STEM proponents in the US are still facing the issues of low STEM enrollment
and interest, which is a threat to the US economy and global standing (3, 4).

Confusion that surrounds the acronym may be contributing to the difficulty of establishing
STEM in education. There has been confusion and misuse of the STEM acronym by scientists
and non-scientists alike. Many use STEM to refer to science, technology, engineering, or math as
separate entities (1). For example, the phrase “keep women in STEM” usually refers to recruiting
women into science, technology, engineering, or math fields. If one searches the internet for
“STEM curriculum”, they will find many activities that involve building, but most likely do not
include math, science, or technology, or may include two of these subject areas, but not all of
them in concert. This collective but separate use of the word has caused confusion, as programs
that claim to use STEM may only focus on one topic within STEM or may teach them all, but
separately (1). This confusion can and has led institutions to incorrectly implement STEM
curriculum, using the concept of STEM in a different way than what the NSF originally
intended. Integrated STEM (5) is a new term coined by the NSF to refer to educational programs
that unite two or more of these topics simultaneously (2). iSTEM is important because it
encompasses the idea that real world problems are solved using science, technology,
engineering, and math together (2). This is why it is so important to create iSTEM curriculum- if
we want the next generation to have the interest and ability to solve complex problems that
require the use of all four subject areas, we must teach in a manner that educates students about
the use of STEM topics in concert (1, 5). Learning each subject separately can cause a disconnect
between the subject and real-world application and lead to further disinterest (6). In order to
unite these subjects, we must consider how they are being taught currently.
WHY iSTEM IS A VITAL COMPONENT OF EDUCATION
STEM literacy is a term that refers to understanding the world through a scientific,
technological, engineering, and mathematical lens (1). STEM literacy includes using STEM

topics to acquire knowledge and apply this knowledge to solve problems, but knowing how to
use STEM topics as tools is only half of the definition (1). STEM literacy also encompasses
understanding how STEM careers affect our world, society and everyday life, learning how to
ask questions, design, and analyze our environments, and understanding world issues involving
STEM while avoiding fallacies of unscientific speculation (1, 7). STEM literacy is not simply
having the ability to use STEM topics to solve problems, it is also about understanding our world
in a scientific, rational way. Even if someone does not intend to be deeply involved in STEM, an
understanding of the fields that comprise it will help society understand how science impacts
daily life (1). Scientific literacy can help individuals understand where products come from, how
technological devices function, and lead to more informed citizens (7). In a society where
technology is the center of many, if not all, essential processes, citizens have an astounding lack
of knowledge about engineering and technology when compared to how vital these ideas are to
creating functioning society (7). iSTEM education can help bridge this chasm and guarantee that
society will prosper and move forward (1).
BREAKING DOWN STEM AND ITS CHALLENGES
Within STEM, science and math are the best established in education, while technology and
engineering have proven difficult to implement and are much more underfunded in education
than math and science (8). With this lack of unity between STEM subjects comes the lack of
understanding that these concepts are frequently used in concert to solve problems in society. A
cycle is created in which students are not taught with iSTEM, therefore they do not understand
the vital importance of iSTEM and why it is essential to implement in education. Because of this
cycle, technology and engineering are left out of education, and the cycle begins again. The irony
is that engineering and technology are extremely prevalent in our society and have made it what

it is today (3). They provide infrastructure and are involved in creating every single product on
the market. The integration of these subjects is paramount to securing the future of our nation
(1). Each STEM topic comes with its own unique challenges that must be considered if iSTEM is
to be established in education.
Even though science and math are well established on their own, most curriculum does not
call attention to the unity of the subjects, despite the fact that science encompasses math (as well
as technology and engineering). Science is defined as “the intellectual and practical activity
encompassing the systematic study of the structure and behavior of the physical and natural
world through observation and experiment” (9). Science involves investigation and
experimentation. It is tempting to define science as the study of biology or chemistry since these
are the subjects many US students are taught in their science classes in middle and high school
(10). However, based on the definition of science, technology and engineering should be
included more explicitly in science curriculum. Biology and chemistry classes may involve the
scientific method, though oftentimes it is not explicitly stated, preventing students from
connecting practical uses of the scientific method with their studies.
Many math classes do not address how math is involved with the scientific method, which
leads to a disconnect about how math is applied to solve scientific problems for our society (11).
Math is defined as “the abstract science of number, quantity, and space. Mathematics may be
studied in its own right (pure mathematics), or as it is applied to other disciplines such as physics
and engineering (applied mathematics)” (12). Based on the definition, mathematics involves
investigation and practical math involves application. When students take a math course, they are
investigating the concepts in a scientific way, however, when math is taught, the word “science”
is not usually mentioned outright, leading to a disconnect between math and science and also a

disconnect with the idea that math is used to solve the world’s problems (11). Despite the fact
that US students are taught math and science and are familiar with the subjects, we are not
familiar with how the subjects are related and practically applied (2, 5).
A problem that technology faces is that many people- including scientists- do not consider
the word technology past computing and machines (3). There is a common misconception about
the word technology. When we use this word, we typically use it as a noun to refer to machines
and instruments. However, the word technology actually refers to the process of devising and
using instrumentation to solve problems (3). While schools may think they focus on technology
by having a computer class, they are failing to demonstrate technology as a method and are
dampening its true meaning and purpose by having computers and calculators serve as the sole
representation of technology. In order to represent technology properly, emphasis should be
placed on the process, not the machinery. In addition to this misunderstanding, funding
technology in schools has been a challenge (8). However, if technology was taught as a method
in addition to demonstrating how to use technology, costs could be saved since the curriculum
could be comprised of both conceptual learning and hands-on learning.
Even though engineering is founded upon science, math, and technology, it is usually
perceived differently than a synthesis of these three concepts. One main difficulty of engineering
as a STEM subject is a lack of understanding and stereotypes about what engineers actually do
(13). Engineering typically invokes the picture of a White male train engineer, and many think
engineering is only a career for uniquely intelligent people (13, 14). In reality, engineering is the
use of collaborative science, math, and technology to design solutions to the world’s problems
(1, 3). Engineering is centered on a cyclic design process that requires experimentation (3).
While engineering does require a large subject base, an equally important aspect of engineering

is teamwork and communication (1). Because one person cannot possess a large enough
knowledge base to solve a complex problem on their own, teams of engineers are essential in
problem solving, not individuals (13). Some high schools and even middle schools across the
country do have an introduction to engineering class, however, these classes tend to be electives,
and since males are encouraged more than females to pursue STEM areas, the classes are likely
male-dominated (13). In addition, broad standards for engineering curriculum in high school
have not been developed, therefore quality and content vary across the country. The irony of
engineering in education is that engineering activities have been shown to increase interest in
science and math (1, 2, 14). Engineering as a topic of science has the potential to help students
better conceptualize the other STEM topics (2).
Utilizing iSTEM in education is essential to inspiring interest and helping students develop
skills they need to solve interdisciplinary problems (2, 5). Many large-scale issues, such as food
and water assurance and climate change, are interdisciplinary problems. Education must focus on
interdisciplinary skills in order to produce students that can tackle 21st century problems (1).
Currently, there is a lack of individuals interested in STEM to adequately provide a workforce
that can solve our nation’s problems.
STEM DISINTEREST
Despite the benefits of STEM in education, the importance of the subject matter to societal
issues, and the effort and millions of dollars used to fund STEM education endeavors over the
last few decades, the United States is still struggling to inspire interest in STEM subjects (2, 4).
While STEM enrollment in US universities appears to be on the rise, the majority of students in
these programs come from other countries (15). STEM majors accounted for only 14% of all
undergraduates despite the US’s need for an increase in STEM workers (4). Enrollment by

domestic students in US STEM programs is stagnant, and has been for the last 30 years (4, 14,
15). In addition, 1/3 of students who intend to major in engineering switch out (15). There is
something going on in the US education system that deters domestic students from choosing
STEM careers. Even before the university level and before students reach high school, their
interest (or disinterest) is cemented as young as second grade (14). There are many causes for
this widespread disengagement in STEM, including unengaging teaching methods, society’s
perception of STEM, and lack of equal opportunity (14).
It is no secret that many children dread math and science classes (6). The way we teach
STEM topics in school currently is very different to how they are applied in real life. Many math
courses rely on memorization and repetition instead of creative problem solving, so it is not a
stretch to understand why students think STEM topics and the careers involved are inherently
boring (6). The way we teach math may lead to misconceptions and negative feelings towards
the subjects and the fields that use them and fail to spark interest in students (6). Another issue in
STEM education is that it seems to breed competition and the idea that only the best can
contribute (4). The majority of children seem to come to the conclusion that skills in STEM are
innate (16). This combination of disinterest and pressure can create low interest and confidence
issues, which may negatively affect self-efficacy, or perseverance in students, which may further
deter them from STEM careers (13). It has been shown that STEM interest decreases with each
grade level increase starting in elementary school (14, 17). Therefore, it is critical to develop a
way to intervene with young students to save their interest in STEM.
Adults do not escape the misconceptions of the current STEM perspective. Parents may
impose stereotypes on their children and effect their interest in STEM topics (13). Like their
students, teachers in both the K-12 space and higher education misunderstand the goal of STEM

education (4, 18, 19). Not all high school STEM teachers have a technical degree in a STEM
area. Because of negative STEM perceptions that K-12 educators without a STEM degree hold,
it has proven difficult to convince these faculty members to teach in these areas with confidence
(19). Some K-12 faculty who are supplied with STEM materials feel that they do not know how
to use it properly and doubt their abilities to inspire interest in students (19). K-12 teachers also
feel that time and standards are a limiting factor to teaching iSTEM (18 19). In college, most
professors do not hold a degree in teaching and the vast majority are not involved in pedagogy,
which could be a contributing factor to the 1/3 of students that switch out of STEM majors in
college (15). The United States ranks 48th out if 65 countries in quality of math and science
education, meaning there is much work to be done on curriculum and pedagogy (15).
There are many gaps in STEM opportunities due to societal beliefs, gender-role socialization,
race, and socioeconomic status (14). There are many minority groups that feel unwelcome in
STEM (13, 14). Gender inequality is another prevalent issue plaguing STEM fields. When
selecting careers, people choose jobs that fit their self-concept (13, 14). If one does not see
individuals that look like them in a career, parents and adults will not encourage children to
pursue those roles and children themselves will perceive that they do not belong in that career
(14). Even though NASA and other organizations do have programs and camps to help children
see the creative side of engineering, these camps tend to be expensive, which makes it harder for
low income families to get their children involved in extracurricular STEM education (14).
Because of gender-role socialization, it is less likely that girls will choose to attend or be sent by
their parents to these camps (14). Even when camps are made for girls specifically, these camps
do not always succeed in developing the girls’ interest in STEM because the information
presented aligns more with what boys have developed interest in (14). These issues are due to

societal beliefs girls and the rest of society learn at a young age (14). Studies have shown that
stereotypes students are exposed to as early as elementary school affect their self-concept and
what careers are “appropriate” for them (14). Therefore, even though there are camps are created
for girls, the content is not tailored to what society teaches them to value, and it is more difficult
for them to develop interest in STEM topics, specifically engineering (14). In order to combat
this, engineering should be demonstrated as a creative field that can help impact society, and less
as a field focused on building structures and machines (13). In addition, it should be considered
that students enrolling in such camps may have already developed interest in STEM, therefore
these programs are missing their target goal- to increase interest in STEM topics. We are only
trying to reach people with prior interest or who have the resources to get involved, but if we
want STEM enrollment to increase, we need to work on increasing interest and accessibility. We
need to use STEM education as a way to foster confidence, not to engage students that already
have an interest or “aptitude” for STEM.
CHANGING THE STEM PERSPECTIVE
At the base level, the biggest problem STEM proponents in the United States need to solve is
the seeming lack of interest in STEM. This challenge is extensive and must address the
development of STEM curriculum that is engaging, affordable, accessible, and addresses societal
biases and stereotypes that perpetuate the cycle of disinterest in STEM.
Fostering interest can be thought of as a four-step process (20). Triggered situational interest
is the first step, which involves attention triggered in the moment by the environment or by
making a connection to something personally relevant (20). Maintained interest is achieved when
the student finds meaning in a task and feel a sense of personal development (20). The next
phase is emerging individual interest, which involves positive feelings towards the task or

subject and the understanding of the value behind the knowledge (20). This phase is vital
because if given the proper resources, students will likely pursue their own questions (20). This
phase also requires some external support and encouragement (20). This is the phase where
students decide whether or not to pursue the interest into phase four, which is a well-developed
interest, where they pursue the opportunity in order to gain more knowledge they deem valuable
and aligned with their interests (20).
STEM Education researchers have proposed solutions that have the potential to create
interest. There have been many studies that show that inquiry-based learning, which allows
children to use their motivations to drive their learning, can increase student motivation, interest,
and attitude towards STEM (2, 6, 13, 14). There is a caution to this approach, however. This
model functions from the assumption that all students are confident and interested in the subject.
In reality, many children are not raised to be confident when it comes to STEM topics. If
students are not comfortable or confident with the material, this model may fail to aid many
students that need the most help. One way to supplement inquiry-based learning is with contextbased science education, an approach that uses STEM topics to understand and evaluate current
global challenges that impact society (1). This approach has the potential to make difficult
subjects such as engineering seem more grounded and applicable while also engaging students
that do not have an explicit interest in technical STEM techniques (1). In order to achieve
triggered situational interest with context-based education, students of all ethnicities and genders
must be able to relate to the material. Studies have shown that including minority leaders,
professors, and mentors in the learning environment can help minority students feel like they
belong in STEM (14). In addition, showcasing diversity to White students can broaden their
perspective of people in STEM careers. Additionally, designing curriculum that incorporates

more problems about helping others, such as topics related to the medical field, may help girls
develop that initial step of interest in STEM courses (13).
A concept that can further enhance context-based learning is Social and Emotional Learning
(SEL) (21). SEL is a teaching methodology that combines the lesson at hand with emotional and
social concepts, and connects the concepts being taught to each students’ unique struggles.
Examples include learning how to manage one’s time and relationships and how to productively
face challenges (21). One concept from SEL that has increased perseverance in STEM education
is the use of a growth mindset (22). The growth mindset approach is a method of learning that
focuses on mistakes as a way to move forward. A growth mindset means treating challenges as
opportunity (22). It also means engaging in positive self-talk and focusing on one’s personal
level of growth instead of on others (22). While interest applies to the curriculum being taught,
interest is also dependent on effort, self-efficacy, and goal setting (22). A growth mindset and
SEL concepts can help students establish good habits that can lead them to foster a welldeveloped interest in STEM (16, 21, 22). These concepts have been shown to increase selfefficacy in students, which leads to a higher level of perseverance when faced with challenges,
and there will undoubtedly be challenges as students are developing an interest in STEM (21,
22). Within STEM education, the inclusion of SEL could make the work more relatable to
students and their individual lives and challenges, and could help them develop resilience (22).
SEL can help girls develop skills such as confidence, while helping boys learn how to value their
emotions (21). Students who engage in SEL can learn to value and embrace making mistakes,
which is a vital component of self-efficacy (13, 21). Current STEM curriculum sends the
message that relationships and emotion do not fit in STEM, however, science and math have
served to better the human condition and save lives. STEM careers involve empathy, building

relationships, and concise communication, therefore incorporating SEL into STEM education is
vital to demonstrating the true spirit of STEM.
BIOMEDICAL ENGINEERING AS AN INFLUENTIAL STEM EXPERIENCE
Biomedical engineering is a new, vital field that bridges the widening gap between
physicians and medical technology. Biomedical engineers are involved in every facet of the
medical field. Biomechanical Engineers develop devices such as prosthetics, focusing on the
mechanical and dynamic properties of materials as well as ergonomics, or the comfort of the
prosthetic (i). Some Biomedical Engineers study biomaterials, which are materials designed to
interact with the body. Examples of biomaterials include contact lenses and the materials used in
hip implants such as titanium (b). Regenerative medicine is an area within biomedical
engineering where engineers investigate how tissues form and develop therapies for conditions
ranging from arthritis to severe burns (j). Some Biomedical Engineers focus on imaging,
including developing the machinery that takes images such as CT scanners. Bioinformatics is an
area of Biomedical Engineering that uses computer science to process biological data, which is
vital in research and diagnostics (r).
Because of its ties with the medical field, Biomedical Engineering is perceived as helping
people more directly than other fields of engineering (even though all fields of engineering
function to serve society). Due to this perception, Biomedical Engineering could help bridge the
engineering interest gap that exists between minorities in STEM and White men. Due to societal
factors, girls tend to be more interested in the life science side of STEM and engage more highly
when creativity is involved (4, 13). This positions biomedical engineering activities as unique
STEM experiences that can spark situational interest not only in girls, but in students who have a
neutral or negative perspective of engineering. It should be noted that biomedical engineering is

not being presented to women because women are “better” at biological sciences and “worse” at
physical sciences. Biology is more interesting to girls because of the way they are raised and
presented opportunities in youth (13). The goal of using biomedical engineering curriculum with
young students is to create a bridge of interest from biomedical engineering to more types of
engineering and the other STEM disciplines. Curriculum should be designed to facilitate this
bridge and include lessons with types of engineering and sciences that may not be biomedical but
may use relatable concepts. For example, designing a prosthetic is like designing a bridge
because force analysis is involved. Research suggests that utilizing engineering to deliver lessons
about math and science enrich student learning, improve achievement in these topic areas, and
increase engagement, which could therefore increase interest (2, 17).
There are many benefits to presenting engineering lessons in a summer camp. First, there are
less restrictions as there are in the classroom where mandated standards govern what can and
cannot be taught. This informal setting gives time for activities to include global content and
allows students to make their own creative decisions, which can grow self-motivation and
confidence in the topic (2, 13). In addition, camp counselors can support individuals who are less
confident. There are no homework assignments or tests, which can relieve stress and help
students change their perspective of STEM topics (2). Because of the lack of the need to
individually assess students in a camp, there is more time for group projects and activities.
Collaborative activities have shown improved attitudes towards STEM topics and has even
shown improvement in science performance (14). Early exposure to STEM has shown to
increase interest in STEM, however, long term exposure following initial exposure is paramount
to sustain the interest (14). Therefore, by including SEL activities, students can utilize the
lessons about self-growth and positive mindsets as they continue their education, helping them

overcome challenges (21). Summer camps do not only immediately help students gain a positive
STEM experience that may positively alter their subject interest and career outlook, but it also
provides a space to research the efficacy of iSTEM activities without restrictions, which could
lead to uncovering influential activities that could eventually be developed for curriculum (2,
17).
CONCLUSION
The United States is facing a crisis due to the lack of domestic students pursuing a STEM
career (1, 15). At the base of this issue is disinterest. By offering opportunities that engage
diverse students with applicable and creative iSTEM curriculum, it is possible to begin to change
this perspective. By incorporating SEL, students are better equipped to handle challenges and
persevere (21). Experimental activities such as biomedical engineering camps may provide
insightful information about reforming curriculum, creating lessons that engage all students and
spark situational interest, that, if continually nurtured, may develop into well-developed interest
in STEM careers (2, 14).
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Introduction
Purpose. Currently, STEM education is perceived by many as boring, tedious, and difficult. In
the classroom, STEM subjects utilize memorization of facts and formulas, few lessons offer the
opportunity to collaborate with hands-on projects, and examples of how these concepts are used
in the real-world are hardly present or are too vague. It is also easy for students in STEM classes
to compare their scores with their peers because unlike English and art classes, STEM is
currently taught in a manner where there is “only one right answer.” This is an interesting
paradox, because in industry, engineering thrives on the idea that science, math, and technology
can be used to devise many different solutions to solve a single problem.
We can bring creative problem solving into STEM education. In this weeklong biomedical
engineering camp, students will learn what engineering truly is (as opposed to commonly
believed stereotypes) in an interactive setting designed to boost the campers’ confidence with
engineering. The camp will focus on fundamental scientific concepts that biomedical engineers
use including biology, chemistry, mechanics, and computation. These subjects will be taught
primarily through hands-on activities and guided field trips. In addition to learning scientific
theory, campers will be taught other fundamental skills of engineering that are commonly
forgotten. These skills include collaboration, communication, and creative problem-solving.
Specific emphasis will be put on activities that teach these social skills since these concepts are
neglected in STEM education, even at the college level.
Parameters. There will be two camp sessions summer 2021. Each camp will be one week long
and run from 8:30am to 12:30pm Monday through Friday. The students are 8th-10th graders. The
teacher may not have an engineering background; therefore, lessons will be written for the
educator to understand. Lessons will be designed to interactively teach the students about
biomedical engineering. Emphasis will be put on using scientific topics in creative ways and
developing collaborative skills. Every day, there will be activities that focus on scientific
concepts, as well as activities that help students work on their confidence, resilience,
collaboration, and communication skills. In the future, the camp will be modified for younger
ages and longer days.
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Objectives and Outcomes
•

Learn what engineering is – a collaborative discipline where scientific concepts are used
in new ways to solve current issues that directly affect peoples’ lives.

•

Learn about the cyclic engineering design process all engineering teams use to solve
problems. This cyclic process involves considering constraints, characterizing possible
alternatives, experimentation, evaluation, and redesign.

•

Learn what Biomedical Engineering is – a unique discipline of engineering that uses
concepts from all engineering disciplines to solve problems in the medical community

•

Learn about the subgroups of biomedical engineering, including prosthetics
(biomechanics), biomaterials, tissue engineering, imaging, and bioinformatics

•

Participate in activities that exercises the student’s ability to apply scientific concepts

•

Participate in activities that exercise the student’s ability to communicate and collaborate
with others

•

Participate in activities that increase the student’s confidence in the STEM field

•

Learn about diversity in the STEM field

•

Learn that asking questions and making mistakes is a vital part of science

•

Learn what biomedical engineering students and professionals do on a daily basis

•

Foster interest in STEM subjects and careers.
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GRADE 8-10 COURSE OUTLINE
DAY 1 – BIOMEDICAL ENGINEERING AND BIOMATERIALS
•
•
•
•
•
•
•

Introduction & Survey
Introduce weeklong activity
What are Engineers Really Like?
Areas of Biomedical Engineering Presentation - Biomaterials
Properties of Slime
Communication Obstacle Course (outside)
Areas of Biomedical Engineering Presentation - Biomechanics

page 6-7
page 8
page 9-11
page 10-14
page 15-17
page 16
page 17

Optional Activities:
•
•
•

Scientist of the Day – Kevlar
Clearing Arteries
Reflection Time (can do any time)

page 19
page 20
page 21

DAY 2 – BIOMECHANICS AND TEAMWORK
•
•
•
•
•

Artificial Bicep
Biomechanics Department Video & Tour Questions
Field Trip – Biomechanics Department 9:45-11:30
Field Trip Discussion
Prosthetic Leg

page 23
page 24
page 25
page 26

Optional Activities:
•
•
•

Rescue Balloons (outside)
Reflection Time
Teamwork Building

page 27
page 22
page 28

DAY 3 – TISSUE ENGINEERING
•
•
•
•
•
•
•

Areas of Biomedical Engineering Presentation - Tissue Engineering
3D Printing Pastries
Scientist of the Day – Tissue Engineering with Vasculature
Cell Signaling (outside)
Create a Kidney
Liver Function
Reflection & Brainstorm Session

page 29
page 30-32
page 33
page 34
page 35
page 36-37
page 38

Optional Activities:
•
•

Design Cards
Reflection Time

page 39
page 22
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DAY 4 – IMAGING AND INTRO TO TEAM DESIGN
•
•
•
•
•
•

Biomedical Engineering Student Speaker
Growth Mindset Activity
Areas of Biomedical Engineering Presentation- Imaging
Communication Ammo (outside)
Breaking Bones
Team Design Reveal

page 40
page 41-43
page 44
page 45
page 46
page 47

Optional Activities:
•

Identifying Images

page 48

DAY 5 – BIOMEDICAL DEVICES AND TEAM DESIGN
•
•
•
•
•
•

Areas of Biomedical Engineering Presentation- Bioinformatics & Devices
Scientist of the Day – Dr. Elizabeth Wayne
Team Design
Break: Accuracy and Precision Frisbee (outside)
Team Design resumes
Closing Remarks and Post-Survey

page 50-49
page 51
page 52
page 54
page 52
page 55-56

Optional Activities:
•
•

Team Design Twists
Gratitude Graffiti

Prior preparation for:
Activity #11- 3D Printing Pastries (p. 30-32)
Activity #20 – Breaking Bones (p. 46)
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DAY 1 – BIOMEDICAL ENGINEERING AND BIOMATERIALS
Introduction
Welcome to the UNO’s AFTS Explore Biomedical Engineering Summer Camp!
Biomedical Engineering is a very new field of science – in fact, it is so new that there are hardly
any textbooks currently written about it. Biomedical engineering is a unique field of engineering
because it uses ideas from mechanical, chemical, and electrical engineering to solve problems in
the medical world. Because Biomedical Engineering is so interdisciplinary, it is vital for these
engineers to not only have a good understanding of scientific concepts, but also possess great
communication and collaboration skills.
This week, you will learn about different specialized fields of biomedical engineering, including
biomechanics & prosthetics, biomaterials, tissue engineering, imaging, and bioinformatics. You
will see some of the incredible and innovative inventions these engineers have created, as well as
getting to create some inventions of your own.
Introduction Survey
Purpose: Investigate students’ feelings towards STEM before the class. STEM is much more
than just learning scientific topics. There are issues with STEM about how society perceives the
subject and also how those who pursue the subject are perceived. These surveys will be seen by
no one but the teacher.
I typically feel confident while learning science, math, and technology concepts in school.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

Asking questions is important to my learning.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

I want to ask questions, but doing so makes me feel nervous.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

I frequently compare myself to others in my science, math, and technology classes.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

I rarely see the positives when I make mistakes or struggle to understand a concept.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

One needs to be smart to go into a science, math, or technology field.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

One has to be hard-working to go into a science, math, or technology field.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]
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Math, science, and technology classes are hard.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

I appreciate the impact that science, math, and technology have on my life.
[strongly disagree] [disagree]

[neutral]

[agree]

[strongly agree]

8

Weeklong Activity – Questions and Reflections
Objective: The campers will learn the value of recording questions, ideas, and reflections in a
journal.
Time: Intermittent throughout the week
Materials: A pocket-sized notebook for each camper
Introduce the activity: Throughout the week you are bound to think of questions and ideas. At
any time, you may write them in your notebook. Things to write may include ideas you have
during projects, pictures of designs, questions that we did not cover, your favorite concepts from
the day, fun facts for your family and friends, areas you want to know more about, and anything
else you want to write down. We will take a few minutes each day to write. Keep a good
notebook, because there will be time to talk to a biomedical engineer later in the week to answer
questions!
Procedure: Day 1, allow time to personalize and write initial thoughts/ideas.
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Activity #1 – What are engineers really like?
Objective: Campers will learn about what engineers and biomedical engineers do in their
everyday jobs as opposed to the common stereotypes of engineering. During the activity,
campers will also get to know the people at their table.
Materials: Pencils, writing paper, and Chromebooks/iPads for each table (groups of 3-5)
Approximate time needed: 40 minutes
Procedure:
1. Distribute pencils and paper to each student. Instruct them that they will have time between
questions to write their own ideas, then time to listen to the ideas at their table.
2. Start the discussion. Ask the questions below and let the students write their own answers for
5 minutes. Then, ask them before they start their table discussion to introduce themselves with
their name, the school they go to, and their favorite hobby. Then allow them to discuss as a table
for 5-10 minutes. After they discuss, have them draw an engineer on the Chromebook and create
a word-web around the engineer describing him/her.
•

Describe your idea of an engineer with your table. What are they like? What adjectives
describe an engineer? What do they do every day? What are they good at?

3. After they have had time to reflect individually then discuss as a table, ask each table to share
their word-web and what ideas they came up with. After all tables share, ask if they think all
engineers are how they just described, or if there is more to the characteristics of an engineer
than how they are naturally.
Listed below are stereotypes/assumptions that may come up and examples for how to address
them:
•

•

•

Stereotype: Engineers are “smart”
o Reality: Before engineers become engineers, they are curious, enjoy learning
how things work and how to improve the lives of others. Because of these
interests, they work hard in school to understand science, math, and engineering
concepts that help them solve complex problems.
Stereotype: Engineers know exactly what they are doing
o Reality: All engineers actually follow a cyclical design process that involves
experimenting, trial and error, and making adjustments before the solution is
found. Because the engineer’s job is to typically solve an unsolved problem or
invent something, they often do not know exactly what they are doing, and it
usually takes several attempts to create a solution.
Stereotype: Engineers love all math and science:
o Reality: You do not have to love every STEM topic to be an engineer. A lot of
engineers appreciate math and science and use it as a tool to solve problems, but
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•

•

•

•

•

•

•

their passion lies in helping people and using creativity to solve problems for
society.
Stereotype: Engineers work independently/alone
o Reality: One single engineer never solves a problem alone, it is always a team of
engineers working together and sharing their knowledge to solve the problem
together
Stereotype: Engineers as individuals are experts in many areas of science
o Reality: Engineering involves a lot of different scientific theory, especially
biomedical engineering, which involves biology, chemistry, electronics,
mechanics, and computer science (coding). Even though biomedical engineering
students take courses that cover the basics of these topics, it would not be realistic
to expect someone to be an expert in all of them! Because of this, it is vital that
engineers work together to share their different knowledge bases to solve
problems.
Stereotype: Engineers focus only on science, math, and technology
o Reality: Engineers are responsible for considering societal and cultural impacts of
their projects. If they did not, they could have a scientifically perfect solution that
still fails (a major example: hearing aids!)
▪ When hearing aids were first created, they worked perfectly, but people
were not buying or using them. Teams were hired to uncover why, and
they found out that there was a negative stigma surrounding the use of
hearing aids. The solution to this problem was not to engineer a better
hearing aid, but to create an advertising campaign combating the negative
feelings about hearing aids.
Stereotype: Sit at a computer all day
o Reality: While engineers may use computers to solve problems, it is also very
common that they go out into the field to investigate these problems, visit clients
to discuss their needs, meet with their team to discuss strategies, and use hands-on
approaches to experiment, tinker, and investigate problems.
Stereotype: Engineers are boring/not creative/just follow instructions
o Reality: Because engineers work on problems that do not yet have solutions or
have imperfect solutions, they have to be creative and devise solutions that have
never been thought of. Engineering is an art as much as it is a science!
Stereotype: Engineers are awkward/no communication skills
o Reality: Engineers always work in teams, so they must have excellent
communication skills. Engineers also have to be able to explain problem solutions
to non-experts and clients.
Stereotype: Engineers just build stuff
o Reality: While some engineers work on vehicles or buildings, many engineers are
working on developing chemicals, investigating biological mechanisms, and
creating code. In a sense, all of these things are “building”, but there is so much
more to engineering than building in the physical sense! Engineers are more
focused on design than building.

11

4. Have the students edit their word web and note what they learned in their journals.
Ending statement: Biomedical engineering is one of the broadest forms of engineering. It
involves collaboration with many different kinds of scientists. Around the room are posters of
each discipline within Biomedical Engineering. Each day we will highlight the field we are
focusing on. Follow this activity with Areas of Biomedical Engineering Presentation (see
Appendix).
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Activity #2 – Areas of Biomedical Engineering Presentation– Biomaterials
Objective: Campers will learn an overview of what biomedical engineering is and the different
areas that are being explored using biomedical engineering. This part of the presentation will
focus on biomaterials.
Materials: Areas of Biomedical Engineering Presentation (see Appendix), campers’ notebooks,
pencils
Approximate time needed: 20 minutes
Procedure: Present the Powerpoint, asking the questions in the outline before letting the pictures
appear on the slides. After you ask the class questions, let them discuss at their tables (groups of
3-5). After the tables discuss, let them share their ideas, then follow the outline to further explain
each area.
Presentation Outline:
•

Introduction
o Even though there are many different kinds of engineers, they all follow the cyclic
engineering design process. There are 3 general steps - design, create, and test.
These can be further broken down into:
▪ Design
• Ask relevant questions to identify needs and constraints. If you do
not ask thorough questions, you may end up designing a device
that doesn’t actually work for its intended purpose.
• Research the problem more in-depth. What have others tried?
What has failed? Are there new angles that could be considered?
• List alternatives. Compare them and decide which is best given the
situation. Limiting factors include cost, time,
▪ Create
• Draft the selected alternative, including drawings, lists of
materials, costs, and other important information
• Make the first prototype
▪ Test
• Decide which variables are important to quantify, or gather
information about
• Select and perform tests that evaluate each aspect of the device.
o The cycle does not stop after testing, that’s why it is a cycle! After testing, the
cycle starts again, by asking what went wrong, redesigning the prototype, and
retesting.
o Biomedical engineering is comprised of different areas. These areas hardly ever
work alone- it is most common for one or more of these disciplines to collaborate
when solving one problem.
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•

o The areas are Biomaterials, Biomechanics, Tissue Engineering, Imaging, and
Bioinformatics. There are many subdisciplines, but we will focus on these five
areas and will learn more about each area every day of camp.
Biomaterials

Before presenting, campers will receive a list with these questions and Chromebooks so they can
research on their own. After 10 minutes, discuss what students have found as a group.
o Questions: What do you think a biomaterial is? What materials do you think
are used as biomaterials?
▪ Biomaterials are materials that interact with biological systems (the human
body is an example of a biological system) for therapeutic or diagnostic
purposes. [a]
▪ Types include metals, ceramics, polymers, and natural materials.
▪ Engineers that work with biomaterials primarily use chemical engineering
concepts as well as mechanical concepts.
o Questions: Where do you think each type would be used? What problems
would require a biomaterial? (If they say the body, ask specifically where)
▪ Metal - Titanium and Chromium-cobalt are common. Metal is strong and
durable like bone. Used for bone replacements and support (hip, metal
pins/screws for arm/leg fractures). [b]
▪ Ceramics - Zirconium dioxide (ZrO2). Ceramics generate low wear
particles, which are microscopic pieces of the material that may appear
over time and could potentially cause irritation. [c] Ceramics are good for
areas of a lot of motion (knee replacement)
▪ Polymers - Versatile properties that can be tailored to the desired use
(strength, flexibility). Used in areas that do not need as much strength as
metals (coupling parts of knee replacements). [d]
▪ Natural materials - These cause a low immune response because the body
recognizes the material. These materials are typically used to mimic tissue.
Common natural materials include alginate, which is derived from algae,
chitosan, which is derived from the shells of crustaceans, and extracellular
matrix, which is a membrane that can be derived from cadavers or
animals. The interesting thing about natural materials is that when you
remove the cells, a base membrane of proteins remains, and our body
recognizes these proteins and does not launch an immune response. (if any
cells are left behind however, there would be an immune response.) [e]
o Question: Can you identify this biomaterial and what it is used for? (image of
square material on Powerpoint)
▪ This is a skin graft made from decellularized porcine dermis (pig skin). It
can be used for injuries such as burns. [f]
o In devices, many kinds of biomaterials may be used together like in this knee
replacement or a hip implant. [g]
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▪

Question: can you guess in this image of a hip implant where each
material goes?
• The fact that some of you chose different materials that what is
commonly used is actually a real engineering consideration. Some
companies have experimented with flipping these materials, like
doing ceramic on ceramic or polymer on polymer for the cup,
lining, and head. [g]
o Questions: Is it safe to put anything in your body? Are there concerns
biomedical engineers should have about the materials they choose to use?
▪ Biocompatibility is a major concern in this category – is it safe to be inside
of the body? Many tests are run to assure that materials and products are
safe (it typically takes 10 or more years to complete all of the safety
testing for a biomaterial device!) [h]
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Activity #3 – Properties of Slime
Introduction: Hydrogels are a common biomaterial that is becoming popularized. Hydrogels are
special because they can retain a lot of water. Hydrogels are used in many applications, from
contacts to diapers!
Since hydrogels can have such a high water content, it makes them a perfect material to implant
in the body since our bodies are 70% water. Hydrogels are being used as tissue engineering
scaffolds, as implantable sensors, and drug delivery devices. Another intriguing property of
hydrogels is that they can be designed to degrade. For example, if you are a tissue engineer and
want to implant some tissue in an area that needs to regenerate, your tissue scaffold will need to
degrade so that native tissue can integrate and take over. Or if you want to create an implantable
drug delivery gel, you want a degradation time that matches the amount of drug that needs to be
released in a desired amount of time. [e]
The properties of hydrogels raise many questions, including:
•
•

•

•

How stiff is the gel?
o For example, you don’t want a contact disintegrating while you are wearing it
Does the gel hold its shape or is it more flexible?
o If the gel is functioning as a sensor that is put underneath skin, you would want it
to be flexible so that the wearer barely feels it
How porous is the gel?
o If the gel is used to deliver drugs, can the drug particles actually escape the holes
of the gel and enter the body?
Does the gel degrade in certain conditions but not others?
o If a gel is implanted in the body, it could be designed to degrade so that the user
does not need another surgery. We would not want the gel to degrade
immediately when it is implanted, but eventually we would want the gel to be
broken down by biological processes.

In this activity, we will be analyzing the properties of slime. Biomaterials scientists are
concerned with the properties of materials. They ask themselves two main questions: How can I
use existing materials and their properties for applications? How can I design a material to have
my desired properties? In this activity, you will be analyzing the properties of slime and how
these properties could be applied in the body. We will also attempt to alter these properties to
make them more favorable to our desired applications.
Objective:
Campers will learn how to choose different variables to experiment on, how to determine
material properties, and how design and experimentation are cyclical- experiments lead to more
questions that lead to more experiments. This activity also demonstrates the benefits of failure,
aids in observational skills, and teamwork collaboration.
Approximate time needed: 1.5 - 2 hours
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Materials:
•
•
•

•

•

•
•
•

Paper and pencil for each group
Measuring cups, tablespoons, teaspoons
Glue slime set:
o 3 - 4 fl. oz. bottles Elmer’s White School Glue
o 1½ TBSP baking soda
o 3 TBSP contact lens solution
o Food coloring
Soft slime set:
o 3 cups shaving cream
o ½ cup PVA school glue
o ¼-1/2 Tsp. baking soda
o 1 Tbsp. saline solution
o Food coloring
Hard slime set: cornstarch “Oobleck”
o 16 oz. cornstarch
o ¾ cups water
o Food coloring
Bucket of water (for rinsing hands before using the sink to avoid slime going directly
down the drain)
Paper bags (to cut open and protect lab surfaces)
Wax paper

Procedure:
1. Break class into 3 groups and give each group one of the sets above. Give groups ingredients
and ratios listed and have them mix the slime
2. After each slime is made, have groups rotate and record observations about each slime
3. Come back as a large group and think about where each slime (gel) could work in the body
based on these properties or if there are other engineering applications, such as the agriculture or
food industry. Record properties for each slime (gel) on the board. Also, record observations like
“if this slime was more __ it could be used for __” (may assign students as scribes on a
whiteboard)
4. As a class, devise applications for each slime (gel). These applications can relate to the body,
agriculture, everyday objects, etc. (examples include all hydrogel applications listed above, plus
other applications that involve water retention)
4. Have groups return to their slime (gel) and make a new slime (gel) with a new recipe. Have
them write the new recipe and then observe and write how the properties changed.
5. Have each group rotate again and record these new observations for each slime.
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6. Return as a large group and discuss the changes. Changes may include less/more sturdy,
lighter, harder, stickier, etc. Did the change help/hinder the predicted application? Was the
outcome expected or unexpected?
7. Optional if time - leave out a dime sized drop of slime on the wax paper, then leave and do the
activity below outside. When you come back, discuss if the slime is different. Has it dried out or
not? When might drying or not drying be good properties?
▪

We want glue and cement to dry, but we don’t want contacts and cell culture hydrogels to
dry, because dry contacts would hurt, and dry hydrogels kill cells.
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Activity #4 – Communication Obstacle Course (Outside)
Objective: Campers will learn the importance of clear, direct communication while having fun
Approximate time needed: 30 minutes
Materials: 4 jump ropes, 6 foam/recess balls, 6 air-filled water balloons (have counselors inflate
while campers clean up from previous activity)
Procedure: Campers pair into teams of 2. While they are partnering, lay one jump rope out flat
as a starting line, then walk 12 large paces and lay out the second jump rope as a finish line.
Between the ropes, scatter the rest of the materials. These will be obstacles the students have to
step over. One partner will stand at the start line and the other will stand off to the side. The
entire class will do this at once, so about 10 campers will be doing the obstacle course, covering
their eyes, while their partner shouts to direct them over obstacles. If an obstacle is touched, the
camper has to start over. The challenge is that all the campers will be shouting over one another,
and it will be hard for the course-runner to hear. Play a couple rounds, letting the partners switch.
Discuss what happened. Ask what was hard, what worked, and what didn’t work. Express to the
campers that in engineering, you work with a team, and sometimes team members aren’t being
as clear as they think they are. It is important if someone in your team seems confused to step
back and try to explain your idea more clearly, in a way that they understand, not simply how
you understand it.
After discussion, run the course again applying new information.
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Activity #5 - Areas of Biomedical Engineering Presentation– Biomechanics
Objective: Campers will learn about the biomechanics field and the science involved.
Approximate time needed: 20 minutes
Materials: Areas of Biomedical Engineering Presentation, campers’ notebooks, pencils
Presentation: Biomechanics & Prosthetics
o Question: What devices do you know of that a biomechanics engineer may
have helped design?
▪ Prosthetics like legs, arms. Biomechanics engineers also help design
chairs, computer keyboards, and desks. These objects involve
“ergonomics”, which is an area concerned with the forces exerted on the
body during work or everyday tasks. During this camp we will focus on
prosthetics, but remember that every time you use a product designed to
hold or that has handles from a saw to a watering can, and use or a product
for resting such as a couch, a biomechanics engineer may have had some
input in the design!
o Within biomedical engineering, biomechanics engineers focus on body forces
applied to prosthetics and forces that the prosthetic applies on the body. Examples
of devices include full or partial leg prosthetics, knee or hip replacements, arm
prosthetics, and other load-bearing body parts like the spine or neck [i].
o These engineers use a lot of the same concepts as mechanical engineers to analyze
the forces on these prosthetics.
o They have an added challenge – comfort, biocompatibility, and versatility.
o Question: In these images, why does each prosthetic have a different design?
▪ Because affordable prosthetics cannot be as complicated as real leg
muscles, different designs are created for different activities since different
activities exert different forces (running vs swimming vs walking)
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Optional Activity: Scientist of the Day
Objective: Campers will learn that different kinds of people are involved in science, and that
they are not born scientists, but people who appreciate science.
Approximate time needed: 10 minutes
Materials: Projector, campers’ notebooks, pencils
Procedure:
1. Our scientist of the day is Stephanie Kwolek – the inventor of Kevlar
Watch this video 0:00-1:42
https://www.youtube.com/watch?v=mq690HBnbA8

2. Question: Is there anything that Dr. Kwolek does in this video that goes against the
stereotypical idea of science?
3. Discussion points
This video highlights two undervalued elements of science. The student said that Dr. Kwolek
used creativity in the lab. The way that we learn science in school may not feel very creative,
however when we apply science, we get to play around with a combination of all the scientific
theories we learned in school.
Dr. Kwolek also did not know exactly where she was going with her study, but that is the
fundamental of science - asking questions, performing experiments, and taking the result,
whether it was a failure or a success, and using it to ask more questions.
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Optional Activity: Clearing Arteries (2)
Objective: Campers will be able to visualize what plaque does to arteries and how a stent works
to treat this issue. This activity also gives campers a change to utilize concepts of the engineering
design process that professional engineers use.
Approximate time needed: 45 minutes
Materials: 7 pieces of 4 in long, 1.5 in diameter PVC, 7 containers (4oz.) of Play-Doh, 7 timers,
long clown balloons, balloon air pump, 5 yards of wire, , 7 plastic cups for water, pipe cleaners,
rubber bands, string, 7 plastic bins or buckets (about 1/2L in volume) to catch water from tubes
Procedure:
1. Show the campers an image of an artery stent on Google (https://www.mayoclinic.org/diseasesconditions/coronary-artery-disease/multimedia/coronary-artery-stent/img-20006378). Talk about how
sometimes there is buildup, and one device biomedical engineers have created to solve this
problem is with a stint. The stint pushes against the sides of the artery walls, clearing an opening
for blood to flow normally. Today we will be making stints to clear Play-Doh from our PVC
pipe. You can do this by either designing a device to flatten out the Play-Doh like this stint, or
you could design a device that can push out the blockage. You will design this device using the 3
main steps of engineering design: designing, testing, and reviewing. Identify the problem and
different possible solutions, then decide on one to build and test, and after the test make
adjustments to help the device work better.
2. Divide campers into groups of 3.
3. Demonstrate how to block the artery. Students will take the Play-Doh and coat the inside of
one end of the tube, only as deep as their fingers can reach. When they test, their device should
enter the non-blocked side and exit the blocked side (This prevents Play-Doh from getting stuck
too far into the tube to remove)
4. After students build their device from the materials provided, they will test their device by
pouring one cup of water first into the blocked artery without putting the device in, timing the
trial. Then, they will use their device and repeat the water test to see if the water flows faster.
5. Have them redesign their device to see if they can decrease the time even more.
6. Discuss that if this were a real artery, what is the problem if some of the Play-Doh becomes
unblocked? (Blood clot could travel to different parts of the body and cause problems). Discuss
how you would get the device to the location. (Incision? Probe?)
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Optional Activity: Notebook Reflections (Days 1-3 before speaker preferably)
Objective: After an activity or at the end of each day, students will reflect on their ideas and
questions. Reflections can help cement understanding and develop interest. Their notebook will
give them topics to talk about with their families and friends
Approximate time needed: 10 minutes
Materials: Campers’ notebooks, pencils
Procedure:
1. Play some music and ask the campers to reflect on the presentation, the activities, any ideas,
feelings, or questions they had throughout the day.
2. Remind them that these reflections will help them come up with questions for the field trip and
the speaker, as well as help them remember the fun activities they enjoyed that they can share
with their parents.
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DAY 2 – Biomechanics and Team Building
Activity #1 - Artificial Bicep (1)
Objective: Campers will be given materials to create a device to help the bicep function after an
injury. They will learn about muscle interactions and engineering constraints and payoff choices.
This activity will also require communication and teamwork.
Approximate time needed: 1 hour
Materials: Each group needs 6 rubber bands of many sizes, 2.5m rope, .5m string, scissors, 1
sheet of paper and writing utensil, ruler, and a Newton spring scale.
Procedure:
You are biomechanics engineers. A physical therapist comes to you requesting a device that can
ease the strain on a sprained bicep. The physical therapist asks that the device also be as easy to
remove as possible, and that one of your team members should demonstrate it on themselves. In
teams of 3-4, design a device that helps the bicep do less work when in use.
1. Students get 5 minutes to plan and draw their design.
2. Approve students designs and allow them to get their materials.
3. Give them 15 minutes to build their first design.
4. Test their design: Many designs probably used the rubber bands to act as their “bicep”. Attach
the newton scale to the rubber band and stretch as far as you can without getting to the point
where the rubber bands are almost snapping. Have the team record the force number. Depending
on the amount or type of rubber bands, different teams may have a higher or lower level of force.
A higher level of force means that the device is helping the bicep more. Also use a ruler to
measure how far the device reasonably stretches. This is important because if it does not stretch
as far, it may limit the patient’s motion. After all groups have tested, talk about the balance
between a high force, which will take more of the work away from the patient’s bicep, and
length of stretch, which can give patients a bigger or smaller range of motion.
5. Allow them to redesign and test to see if they can get a higher force and/or longer stretch
length.
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Activity #2 – Biomechanics Field Trip
Objective: Campers will get to learn about biomechanics at the Biomechanics Research
Building and see how ideas are translated to projects. They will also have time to ask questions
about engineering and the daily lives of the students and faculty. The purpose is to see what the
life of a scientist is like and also learn about the engineers’ lives outside of their careers.
Approximate time needed: 45 minutes for introduction, 1.5 hours for trip
Materials: Projector, Campers’ notebooks, pencils
Procedure:
1. As the introduction to this day, watch this video from 0:00-2:12
https://www.youtube.com/watch?v=ohf8-Mo8iyY

Remind the students that while it is important to ask questions about the scientific concepts
during the tour, it is also a great idea to ask about the daily lives of the engineers and students
there.
Tell the students we will now watch a video from the Biomechanics Department. Tell them to
have their notebooks out during the video and the discussion that will follow in case they come
up with any questions.
2. Field Trip Discussion and Questions:
Before discussion, watch this video from 0:00-3:33
https://www.youtube.com/watch?v=URWrGGSUgLE

Ask these questions for discussion:
In the video, they put sensors on Lindsay’s legs and hands, but they also put sensors on the stairs.
Why would it be important to do that?
•

The point of this question is to demonstrate that there is a lot more going on than what we
can see visually, so sensors are needed on the body as well as the floor to properly
quantify forces

Why did they want the TV screen for the treadmill test?
•

The point of this question is that engineers must consider factors outside of the forces that
they are concerned with in order to get truly accurate forces. For example, telling
someone “you are walking on a rickety bridge” is much different than having them see
the visual of walking on a rickety bridge. This causes subjects to react as if they were
actually in the situation instead of imagining it, and their genuine reactions make for
genuine forces.
o Can you think of any technology that could improve this further? One example
would be a Virtual Reality headset to increase immersion.
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3. If time permits, give them ~5 minutes to brainstorm questions in their notebooks. Emphasize
that these questions can be from the presentations and activities yesterday, about what work they
do, what interests them in science, and what they do outside of the lab.
4. Pass around one sheet of paper and ask the students to write the question they are most eager
to ask as well as additional questions, anything from scientific concepts to what the faculty
members’ work is like daily.
The campers will choose if they want to hold onto their question sheet, or if they would like the
teacher or counselor to ask their question, in which case they will hand their sheet to the teacher.
Questions will be collected and asked by the teacher on the tour. This will show any students
who are apprehensive about asking questions that their questions are valid and vital to their
learning.
Discussion
After the field trip, return to the classroom for a discussion, using these questions to lead it:
•
•
•
•

•

What was something you learned that you did not know before? What was the most
interesting thing in your opinion?
Did anything about the tour surprise you or turn out different than you pictured?
What did the faculty and graduate students say about their journey into engineering? Did
any of it surprise you? In what way?
In order to make products for the children, who all do they have to be in constant
communication with?
o The doctors at Children’s Hospital, parents, the kids. They may even
communicate with other Universities to discuss how to make the devices as
comfortable and versatile as possible
Give campers 5 minutes to record any notes, ideas or questions in their journals.
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Activity #3 – Prosthetic Leg(3)
Objective: Campers will use the ideas learned during the field trip and their own creativity to
design a prosthetic leg, considering design elements including strength, function, and comfort.
Materials: cardboard, 1.5” PVC pipe, bubble wrap (or plastic bags), rubber bands, duct tape,
string
Approximate time needed: 1 hour and 50 minutes
Procedure:
1. Separate class into groups of 3
2. Instruct the campers that they are building a prosthetic leg. The client wants the leg prototype
to be built out of easily accessible materials, and is mainly concerned with strength/durability,
ease of use, comfort, and cultural considerations of prosthetics. You have 40 minutes to research,
design, then build a prototype. You will also be giving a presentation about your prototype,
including the major functional parts, why you chose your materials, and describing how your
device was created while considering strength, ease of use, and comfort. Your presentation
should also include cultural implications or biases surrounding prosthetics, and what could be
done to aid these perceptions.
3. After everyone presents, discuss the greater cultural implications. Campers may suggest
making prosthetics move and look like the real thing, but also bring up the point that we could
also lead a campaign to normalize prosthetics instead of trying to disguise them. This could
include putting these messages in TV shows, books, games, and more.
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Optional Activity – Rescuing Balloons (outside)
Objective: Campers will use collaboration, creativity, and communication to ‘rescue’ some
balloons.
Materials: 6 blown up balloons (ask counselors or campers to blow up), 2 tennis balls, 4 long
jump ropes, 2 pieces of rope 15 yards long, pipe cleaners, straws
Approximate time needed: 30 minutes
Procedure: Split the class into 2 groups. Make 2 circles using the rope, spaced far enough apart
that the groups would have trouble hearing the other. Place one balloon in the center of each
circle (circles need to be big enough that a camper could not reach in and grab the balloon).
First, just give each group 2 jump ropes and tell them to use the ropes to rescue the balloon
without stepping in the circle. Tell them to make a plan, and that they will have 2 chances to
rescue the balloon. They may revise their plan between the trials. The trials will be timed by a
counselor.
After they try with the rope, give them extra materials and challenge them to improve their time
by modifying the rope. They will again have 2 timed trials.
Discuss what they tried and modified.
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Optional Activity – Team Building
Objective: Campers will learn the importance of communication and collaboration in an
engineering setting as well as learning about load-bearing mechanical forces.
Materials: Raw spaghetti (1/2 box per group), mini marshmallows (1/4 bag per group), 1 yard of
string per group.
Approximate time needed: 1 hour
Presentation: Understanding scientific concepts is one side of engineering, and collaboration is
the other. You will team up to build the tallest tower possible that can hold up a set of sticky
notes (or something equivalent) as a weight. It must hold the weight for 10 seconds without
collapsing.
Procedure:
1. Split room into teams of 4
2. Teams get 20 minutes to build the tower.
3. Two teammates can speak but cannot touch the structure or materials, and the other two
teammates will manipulate the materials but cannot talk or ask questions.
4. After 20 minutes, test each group with the weight.
5. Discuss which structures worked best and why based on load bearing properties
6. Discuss what was difficult about the communication scenario. This demonstrates the
importance of clear communication- just because an explanation makes sense to you doesn’t
mean it will to someone else!
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DAY 3 – TISSUE ENGINEERING
Activity #1- Areas of Biomedical Engineering – Tissue Engineering
Objective: Campers will learn about one of the newest fields in biomedical engineering.
Materials: Areas of Biomedical Engineering Presentation, campers’ notebooks, pencils
Approximate time needed: 20 minutes
Presentation: Tissue Engineering
•

•
•

•

•
•

Tissue engineers look at the development of body tissue (including skin, muscle, organs,
bone, and more) and create regenerative therapies involving the growth of these tissues
[j].
Currently, tissue engineers are trying to combat the problem of low numbers of organ
donors by trying to grow organs from a patient’s own cells.
This process is extremely new and is still under development. While there are skin grafts
on the market (like we saw in the biomaterials presentation), there are no tissue
engineered organs- yet [j].
One example of tissue engineering is the artificial blood vessel. Some vessels are made
from polymers, while others are natural materials, such as decellularized pig blood
vessels [k].
3d printing is a very new technique being used to develop these organs, but instead of
printing plastic, these devices print layers of cells! [l]
Questions: Can you guess what organ is being printed here? (heart) What about the heart
do tissue engineers have to consider when printing this organ?
o The heart is not a solid mass of cells - it has vessels and pumps, so tissue
engineers have to know how to print these shapes into the heart.
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Activity #2 3D Printing Pastries(4)
Objective: Campers will learn the basic design considerations and constraints of 3D printing
tissues as well as engineering design considerations for 3D printers and mechanical devices.
Approximate time needed: 1.5-2 hours (may need more time – be prepared)
Materials:
Prep work: 6 cups powdered sugar, 12 tablespoons water, 4 15.6 oz cans of Pillsbury vanilla
frosting, pink (red), purple (red and blue), and yellow food coloring, 3 8x8” sheet cakes of
yellow cake, 28 plastic or piping bags
Per group (7 groups of 3): 1 piece of 1x1’ cardboard, 1 piece wax paper, 2 pieces of 2”x12”
cardboard, 8 12” thin dowels. Masking tape, scissors, 2 paper towel tubes, 8 rubber bands, 8 pipe
cleaners, 4 types of frosting, 1/4 of an 8x8” sheet cake of yellow cake, cut in 4 pieces, printer
instructions worksheet (below)
Other: plastic forks for the class, scissors, alternate snack in case someone cannot have cake
Procedure:
1. Cake and frosting will need to be made/bought the night before. The cake can be any flat cake.
The 4 types of frosting will have 2 different thicknesses. 2 are Pillsbury frostings from cans.
Leave one can white and mix red and blue into the other to make purple. The other type will be
made with 6 cups of powdered sugar and 12 tablespoons water (make a bit watery). Divide the
powdered sugar icing into 2 bowls, make one bowl yellow and make the other pink using red
dye. Using the plastic bags, make 7 sets of the 4 frostings.

2. Demonstrate the concept of 3D printing while showing the diagram above. Google 3D printers
and show campers how there are different kinds of filament that can make hard or soft objects.
3D printing is also being used in Tissue Engineering, and the different “filaments” are different
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cell types and tissues. 3D printers print layer by layer, starting from the bottom up, so an
important decision to make while printing is which layer you will have to start with.
3. Instruct them that a patient has a bone injury and the bone has been broken in 2 places, and the
bone section that broke have some gaps due to severe damage. Your job is to fill in the gap with
3D printing. Demonstrate the properties of the frosting by squeezing each type out. Point out that
the yellow, liquidy frosting represents bone marrow, which is inside our bones, white is compact
bone, which is the hard bone component that surrounds the marrow, purple is the periosteum,
which is a thin membrane that surrounds the bone, and that pink is epidermis, or skin.
You will need to fill the center with bone marrow (yellow), however, note that the yellow
frosting is liquidy, so you will need to use compact bone (white) to make a cradle in the gap to
hold in the marrow, then cover the top of the yellow in white, encasing it. After that, the whole
bone needs to be coated in purple (periosteum), then coated with epidermis (pink).
4. After explaining, have counselors place wax paper on top of the cardboard, then 3 pieces of
cake, spread one inch apart in a straight line (this is important for the printing part).
5. Before they can begin printing, they need to make their printer. Print the instructions below for
each group:
How to construct your 3d printer:
1. Cut the 2 paper towel tubes in half. Fix each tube at each corner of the cardboard using
masking tape.
2. Fix the first dowel between two of the toilet paper tubes using rubber bands, tape, and/or
pipe cleaners 1 inch above the top of the cake. Fix the next dowel between the next 2 tubes at
the same level. Repeat with 2 more dowels until you have a level square of dowels fixed to
your tubes.
3. Next, repeat the process 1 cm above the first set of dowels.
4. Carefully poke a one 1cm diameter hole in the center of the 1’x2’ pieces of cardboard. The
holes should line up if you stack the cardboard in a plus sign shape.
5. slide both pieces of cardboard separately between the dowels so that it sits in a plus sign
shape over the cake. Tape the pieces together at the center with masking tape, making sure the
hole is open.
6. You are ready to print! To print place the frosting bag tip above the hole. You can slide the
plus sign around to print onto your cake (the reason we have the plus sign support is that 3D
printing is done mechanically not manually. A real 3D printer would have this support and it
would be programmed to move. Even though it is tempting to remove the plus sign and print
directly onto the cake, that is more unrealistic because printing a whole organ by hand would
be exhausting and unprecise!)
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5. After printing and while snacking on the cake, discuss the following questions:
▪

▪

▪

What worked well with your printer? What didn’t? What design ideas would you
add/change to make the printer better?
o Clear materials to see better, more stable materials, etc.
How did the frosting act, was it the way you thought or unexpected? Would you change
any of the frostings properties to make printing easier?
o May adjust thickness, etc.
What additional considerations would doctors have to make for real skin and bone?
o Blood vessels, nerves, multiple skin layers, sweat glands, hair follicles

33

Activity #3 – Scientist of the Day
Objective: Campers will see different people as engineers and learn about how tissue
engineering relates to blood vessels.
Approximate time needed: 10 minutes
Materials: projector, campers’ notebooks, pencils
Procedure:
1. Play this video: https://youtu.be/mGDAtLty2I4
2. Lead a discussion with these questions:
▪

▪

▪

How is this branch of tissue engineering different than 3D printing tissue?
o This area focuses on maturing cells on a scaffold. Both start out separate; the cells
are being grown in one dish while the scaffold is being manufactured. In 3D
printing tissue, the cells are printed along with the scaffold material, so they are
integrated as the matrix is being created.
Can you think of any scenarios where you would pick traditional tissue culture
techniques over using 3D printing?
o 3D printing is great if you want to make a complex 3D shape and have a budget.
o Traditional tissue culture is good if you just care about the cells individual
behavior such as watching them grow with different treatments, have a low
budget, or are just starting a study. You wouldn’t want to jump straight to 3D
printing if you have not already tested how to raise and treat your cells so that
they can grow!
Why is it important for an implanted tissue to be able to connect with the patient’s own
vascular (blood vessel) system?
o If blood cannot get there, the tissue cannot receive nutrients and get rid of cell
metabolic waste. It wouldn’t grow and would eventually die.
o Thinking back to the frosting printing, we briefly mentioned that we
oversimplified our skin layer by treating it as one layer. In reality, skin has many
components, including blood vessels. Even in 3D printing, traditional culture
techniques may be used to further develop the cells embedded in the matrix.
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Activity #4 Cell Signaling (outside)
Objective: Campers will learn the basic concept behind cell signaling and how signals can
spread exponentially
Time: 30 min
Materials: N/A
Procedure: Have all campers stand about 5 feet apart from each other in a big cluster. Instruct
them that everyone will close their eyes and you will select one person at random by tapping
them. All campers will then open their eyes, and then start a giant rock paper scissor war. If you
lose, find a loser to play, if you win, find a winner. During this time, the selected camper will
decide a random time to cross their hands over their chest. Once you see this, you do it too. The
goal is to see how long it takes everyone to do it. A counselor will time it.
Do a few iterations and see how long it takes. Talk about how it usually starts slow, but when
half of the group has their arms crossed, it is really quick for the rest of the campers to get it.
This is like cell signaling - the more cells that receive and send the signal, the number of cells
that see then send the signal increases dramatically.
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Activity #5 - Create a Kidney(5)
Objective: The campers will learn what semipermeable means and why it is important to the
body, as well as constraints and design elements tissue engineers need to focus on when trying to
create a device to function like a kidney.
Approximate time needed: 45 minutes
Materials: Enough newspaper, colored paper, magazine paper, cardstock, cardboard, paper
plates, and 6x6” cotton and synthetic fabric squares that each group could have 3 (so 5-8 of each
item), and scissors, red Solo cups (or similar), timers, and cheap plastic pipettes for each group
food coloring (whole class shares).
Procedure:
1. Discuss how a kidney works. Kidneys are the bodies filters. If your kidneys stop working, you
may need to use dialysis to stay healthy. Dialysis machines filter waste out of the blood to
replace the kidneys function. In this activity we will be making filters. The goal is to make a
filter that does not let all substances through, but also does not completely block flow. Your
group will choose 3 of these materials. Each group will complete a time trial for their filter, then
we will discuss how each different design works as a class.
2. Split class into groups of 3. Tell them they may now discuss the materials and brainstorm as a
team and come to the materials table to pick their materials when they are ready. Have a
counselor record what combinations of materials have been picked. If multiple groups choose the
same material, ask them to each choose a different stacking order so that the class can see if there
is any variability that way.
3. To time the filter, hold the materials over a red solo cup. Slowly drip 1/4 cup water onto the
filter using the pipette, starting the timer when the water first contacts the filter. Have one group
member count how many drops it takes for the first drop to come out of the bottom of the filter.
Stop the timer when the filter is no longer dripping. When the group is done testing, list their
materials from top to bottom, their, time, and their number of drops until the first drop was
filtered through.
4. After all groups test, have a class discussion. Which was the fastest? Which was the slowest?
Why might the fastest and slowest not be ideal for a kidney?
▪

A fast filter likely means that the filters holes are large. In the context of a kidney, this
may mean good cells and nutrients are escaping the body as well as waste. A slow filter
means waste could build up.

Discuss if there were any differences in speed and number of drops until the first filtered drop.
Did the fastest filter have the least number of drops until the filtered drop? Did the slowest filter
have the most drops until the first filtered one? If not, is that surprising?
▪

Sometimes experiments do not go exactly as planned, but they can sometimes
incidentally give ideas or insight into how to further improve your design.
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Activity #6 - Liver Function(6)
Objectives: Campers will learn how the liver functions and what reactions take place that can
tell us how well or poorly the liver is working. Campers will also consider what variables tissue
engineers may consider when making a treatment.
Approximate time needed: 45 minutes
Materials: salt and liver solutions, 3% hydrogen peroxide, 21 cups. Per group: 3 vials, 3 plastic
pipettes, 1 cup filled with ¼ cup liver solution, 1 cup filled with ¼ cup salt solution, 1 cup with
¼ hydrogen peroxide, 3 12in balloons, pencil, paper, timer
Procedure:
Prep:
In a blender, blend ¼ lb. diced fresh beef liver with 13.5 fluid ounces of water. Keep refrigerated
until the very start of the activity.
Mix 0.07 ounces of salt with 6.8 fluid ounces of water.
1. Explain how the liver functions. The liver is made up of specific cells that each have
organelles (which are like organs for cells) that are adapted to help store nutrients and filter
waste. The liver stores vitamins and also breaks down toxic cellular waste, such as H2O2, which
is a byproduct of the organelle the peroxisome, whose job (ironically) is to break down waste
that enters the body. The liver has the ability to chemically convert H2O2 into water and oxygen.
In our experiment, we will gauge the reaction by how much gas (oxygen) is created by letting the
gas fill a balloon.
Salt, however, can interrupt the reaction, slowing it down. We will experiment with different
levels of salt to see how it affects the reaction.
2. Campers will be grouped into teams of 3.
3. Each group will fill 3 vials with 15 drops liver solution in each. They will label the tubes 1, 2,
and 3. The group gets to choose which 3 different levels of salt solution to add to each of their
tubes (suggest no more than 30 drops).
4. On their paper, have them make a table listing trial 1, 2, and 3 vertically down the page with a
few inches between. Then, list drops of salt solution and reaction observations across the top of
the page. On the back, have them list slowest reaction and trend of how salt changed the reaction.
5. Tell the groups that in addition to the amount of salt solution, they also should make sure they
know what variables they are going to observe during the test since it will go quickly. Suggest
that each group split up different variables amongst their members so that no variable goes
unobserved.
6. Instruct all groups to add their first salt solution to their first vial. Make sure another camper
starts a timer as the student starts the peroxide. Then, have them add 15 drops hydrogen peroxide
relatively quickly to the vial. Allow them to repeat for the next 2 vials.
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7. At the end, compile the data on paper on the overhead so it may be shown during Family
Night and discuss. What trend did groups see? Did different groups that tried the same salt
concentrations see the same or different things?
8. Discuss if it was hard to add 15 drops quickly and accurately. Point out that variables like this
are common in engineering experiments - sometimes the procedure is a bit messy, and many
biomedical engineers will actually spend time conducting multiple experiments perfecting their
procedure before they get data.
9. Scenario: a team of tissue engineers is approached by a company that wants to produce a
product that can help people with high-salt diets have a healthier liver. What suggestions do you
think the tissue engineers could make?
▪

For a device or treatment, something could be designed to neutralize the salt or help the
livers reactions even with salt present

Alternatively, the tissue engineers may suggest that a device or treatment would be too expensive
and time intensive in the long run, and a cheaper, more accessible solution could be to create an
advertising campaign or, better yet, a demonstration of what high salt does to your liver. This
would avoid creating an expensive treatment that may take decades to put on the market.
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End of Day 3 – Reflection and Brainstorm Session
Tomorrow, we will be talking to a biomedical engineering student. This is your chance to ask
questions you are curious about a student with experience in different engineering classes and
internships. Each of you will get a piece of paper and pencil to write your questions. We will
keep the papers here for tomorrow, but I will take pictures of them to send to the engineer so that
she can have time to think about her responses, so write neatly. We are going to have a
discussion right now about what kinds of things we can ask, then after you will have time to
think about your own questions and also take some questions from your notebook and write them
on the paper.
Lead a discussion about what kinds of questions to ask and record the questions:
•
•
•
•
•
•
•
•
•

How/when did you know you wanted to be an engineer? Did you always want to be an
engineer?
What challenges did you face?
What is your favorite science subject? What is your favorite non-science subject?
What is school like for an engineering major as opposed to other majors?
What is your favorite hobby?
What tips do you have for students who are curious about engineering (but aren’t totally
sure)?
What job do you want after you graduate?
What are some mistakes you made?
What has been your favorite experience with biomedical engineering?

Send pictures of the questions to the speaker, and also keep the pictures and if a student does not
ask the question during the session, ask the speaker in front of the group so the student may have
his/her question answered.
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Optional Activity - Design Cards
Objective: Campers will learn some lesser-known but vital design considerations engineers
make and the creativity involved when making engineering decisions.
Approximate time needed: 20 (if rapid design), 45 minutes
Materials: 1 set Stanford Design Cards, pencils, paper (https://dschool.stanford.edu/resources/ilove-algorithms)
Procedure:
1. Campers will pair up and select one card at random. They will then take 15 minutes to discuss
ideas of devices that remind them of that card and propose a new device that takes this design
criteria into consideration. They may record these ideas in their journals. Then, groups will share
their ideas and device with the class. At the end of each groups’ presentation, campers may raise
their hand and list devices they know that also have that design consideration. Have students
reflect on their ideas and the ideas of other students in their journals.
2. If a card is stumping campers, they may select a different card. Take that card and discuss
items that use that design with the whole class to see if anyone has any experience or ideas with
that design element.
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DAY 4 – IMAGING AND INTRO TO TEAM DESIGN
Activity #1 - Biomedical Speaker
Objectives: Campers will hear the story of a biomedical engineer and learn about their path,
what life is like as an engineer, and scientific concepts of the field.
Approximate time needed: 40 minutes
Materials: Campers’ notebooks, paper, (projector)
Procedure:
1. This will take place in person or over Zoom. The speaker will introduce themselves, then talk
about their journey from student to biomedical engineer, addressing some camper questions they
were sent yesterday during their background story. This section will include obstacles the
speaker faced and overcame along their journey.
2. The speaker will address any biomedical engineering content questions they received
yesterday (how things work, what daily life would be like, specific scientific questions, etc.)
3. The speaker will open the floor to any questions
Discussion: After the speaker, discuss what they talked about. Did anything surprise you?
Besides studying, what are other healthy practices that you should focus on as a student?
(School/life balance, asking questions, visiting teachers to get specific help, not comparing
yourself to others). In your head or in your notebook, what healthy habits do you want to start
integrating into your life?
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Activity #2 – Growth Mindset(7)
Objective: Campers will address negative perspectives they may have about themselves relating
to STEM and establish a healthier way of thinking going forward.
Introduction: Have any of you ever heard of a growth mindset? Even if you haven’t heard this
phrase exactly, you might have an idea of what a growth mindset is. At the very basic level a
growth mindset is learning to look at the positives, even if the outcome is negative. This is a very
important mindset to have in engineering because you have to learn a lot of concepts, and
mistakes and blunders are a normal part of life. How you react and reflect on these mistakes can
really give you a different perspective.
*Tell campers that the activity is optional, and if they prefer they can have time to reflect in their
notebook or Google and record answers to their biomedical engineering questions during this
time.
Approximate time needed: 30-40 minutes
Materials: Music to play during, 2-sided worksheet below:
Instructions: Think about the past experiments we have done and reflect on a mistake, incorrect
assumption, or failure that happened. Maybe you tried an idea that ended up working differently
than you predicted, or maybe you had an idea but did not have the knowledge or tools to create
what you were picturing. If you cannot think of anything from this camp, think about a situation
that happened while learning at school.
Step 1. Respond to the prompts in the boxes below. This is only for you, you will not have to
share these answers with anyone unless you want to.
What happened?

What were the consequences?

What emotions did you feel about these consequences?

Did you have the opportunity to correct the mistake? If so, how did it go and how did it make
you feel?
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Step 2.
In this column write what you remember
thinking to yourself about the mistake. What
did you think and feel immediately after it
happened? What about your thoughts and
feelings later on? If you cannot recall exactly,
you can give feelings or thoughts you might
have in a similar situation.

Is there a way that you could reframe any of
this self-talk to be more accepting of your
mistake and to reflect a growth mindset? Use
this column to rephrase relevant statements.
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Activity #3 Areas of Biomedical Engineering Presentation – Imaging
Objective: Campers will learn about Imaging in biomedical engineering, how it works, and how
it relates to engineering.
Approximate time needed: 20 minutes
Materials: Areas of biomedical engineering presentation
Presentation:
•

•

•

Question: Why is being able to “see” into the human body important? What does
“seeing” into the human body allow doctors to do?
o Answers may include: to avoid surgery (less invasive), to image processes over
time instead of just seeing it once (can image active blood flow to look at
problems), connecting a patients symptoms to a specific cause (since many
conditions may exhibit the same symptoms), overall imaging helps with treatment
This field includes the actual imaging devices and also compounds that aid imaging
sometimes called “dyes”. These images all may look pretty similar, but they are different
in a few key ways.
Ways of imaging: (look similar, but function differently!)
o X-ray – High energy beams pass through soft tissue, but not bone, so the high
energy beams cause a whitish color to be printed onto a film that reacts to these
high energy waves, while the bone’s “shadow” appears black [m].
o CT – Computerized Tomography uses the idea of X-rays, but images through the
body horizontally to get images that are stacked on top of each other into a 3D
image. Think if you were standing, CT creates small slice images that could stack
up and create you [n].
o MRI – Magnetic Resonance Imaging. Magnets create an electric field. This makes
the protons in your body align in the same manner. When the machine is turned
off, the protons return to their normal state, releasing a little bit of energy as they
do so. The computer detects and organizes this information into a 2D or 3D image
[o].
o PET – Positron Emission Tomography. A tracer or dye is injected into the body.
The molecules in the tracer are unstable and decay into two particles that shoot off
in perfectly opposite directions (These particles are so tiny that they do not harm
cells in the body). The machine detects both of these particles, back-calculates
their locations, and is able to create a 3D image of the body [p].

Imaging contrast agents are just as important as the machinery, and can help image specific parts
of the body. Something amazing that these dyes have helped us do is detect tumor growth. Our
body processes sugar, but tumors process sugar at a different rate than other body tissues. A
tracer was developed using a sugar molecule bonded to a slightly radioactive molecule. When
this tracer is used, it accumulates at tumor sites that doctors may not be able to identify with
other imaging methods.[q] Pretty amazing right?
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Activity #4 - Communication Ammo (outside)
Objective: Campers will learn how direct, step by step communication will get you the best
results as opposed to vague communication.
Approximate time needed: 30 minutes
Materials: 4 jump ropes, 6-10 recess or foam balls
Procedure:
1. Make the outline of a circle with the jump ropes.
2. Campers partner up.
3. Eyes closed, one partner stands, just inside the circle.
4. While those campers have their eyes closed, counselors scatter balls around inside the circle.
5. Tell the group that the outside partners will be directing the partner inside the circle to a ball,
to pick it up, and to throw it. The last person left in the circle who hasn’t been hit wins!
6. Play enough rounds that both partners play multiple times.
7. Discuss. Asked what they tried, what didn’t work, what changes they made and what worked
well.
▪

Using their name to direct them typically helps, as well as directing them through every
single step and move instead of “walk forward” (how far? They don’t know, only you do)
or “grab the ball” (where? Only you can see it)
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Activity #5 – Breaking Bones(8)
Objective: Campers will learn how mechanical properties, including stress and strength, apply to
the body.
Materials: Bucket with weights (bricks), S hook, 20 chicken bones. Stabilization materials: Raw
spaghetti, rubber bands, paper clips, pipe cleaners, masking tape, notecards, duct tape, scotch
tape
Approximate time needed: 1 hour
Presentation: Our bones can withstand some pretty amazing forces, but due to the arm bone’s
shape, it is vulnerable to perpendicular forces. Use the interactive engineering design process to
design a bone stabilization device for these chicken bones. You will have two tries in total.
Procedure:
Prep: have a cookout! Use small chicken drumsticks. After eating, clean them off and let them
dry on a towel. Ideally do this at the beginning of the week so they have time to dry.
1. Give each group 2 chicken bones
2. Allow them to select materials to make their stabilizing device.
3. Give each team 20 minutes to design their first stabilizer.
4. Have them test their device (push 2 desks close together, place the bone over the small gap
between desks, and hang the bucket from it)
5. Repeat steps 3 and 4 for their final designs.
6. Discuss: Where did the design fail? How did you alter your design to accommodate for this?
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Activity #6 – Team Design(9) Reveal
Objective: Campers will learn skills necessary to collaborate and complete a project with a
team, and to use engineering design elements and procedures to build increasingly effective
devices. Campers will also utilize communication and teamwork.
Time: 1 hour
Materials: pencils, paper, 3 scenario boxes. Set out materials listed in Team Design (Day 5) so
they can see what they have to work with.
Procedure:
Prep: Create simulation boxes. 3 holes 1cm in diameter equidistant from each other are cut in the
top of a shoe box, and these simulations are placed inside
•

•

•

Licorice simulation: Using a clip taped to the bottom of the box, pinch a piece of peelable
licorice in the clip. Students must design a device to unpeel the licorice without breaking
any pieces off.
Bead sorting: Stick 2 1.5” long skewers into the bottom of the box. Secure with tape. A
small bowl of 2 colors of beads will be placed in the middle of the skewers. Students
must design a device that can pick up the beads and put them on the skewers by color.
Organ: Blow up a small balloon and lightly tape it to the bottom of the box. Students will
design a device to extract the organ without popping it.

1. Introduce the activity. Campers, you have been tasked with designing a surgery device to use
with this laparoscopic camera. You will design a device that can go in and perform a task. These
are the scenario boxes. They have two holes on the top, one where your device will enter, and
one for the camera. You may look at the scenarios inside to get an idea of what your device will
need to complete the function.
Split room into five groups, preferably students who have not had a chance to work with each
other yet, but let them choose.
Introduction to team design: We are going to start the team design challenge. The challenge for
your group is to design a surgical instrument to conduct a laparoscopic surgery. A laparoscopic
surgery is minimally invasive because instead of one large incision, a few smaller incisions are
made, one for a camera, and others for the instruments. In this simulation, you will have one port
for your camera, and two for your device. There will be multiple laparoscopic tasks that your
device has to perform, including removing a fake organ without rupturing it, and picking up
small pieces of debris.
Today, you and your team will be drawing two or more ideas as drafts. You will be allowed to
look at the materials available to build your device and will also be allowed to look at the
simulation boxes. Remember at this stage of the design process, it is important to justify why you
are selecting your building materials and designs. Pro and con charts are very helpful.
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Optional Activity- Identifying Images
Objective: Campers will identify types of biomedical images as well as the body parts in the
images. This activity highlights that imaging is still a developing field.
Approximate time needed: 30 minutes
Materials: pencils, paper, Identifying Images PDF
Procedure:
1. Either visit a computer lab, show these images over the projector, or print out pages for groups
of 4 (the first 2 options will save a lot of ink!)
2. Have students (alone or in groups of 2) take 5 minutes to identify the parts of the first image.
Repeat with the rest of the 4 images.
3. Reveal the answer keys and have the students tally how many they got right.
4. Discuss what was difficult. Some of the images are very unclear. This demonstrates that
imaging still has a long way to go and that the technology is getting better every day.
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DAY 5 – BIOMEDICAL DEVICES AND TEAM DESIGN PART 2
Activity #1 - Areas of Biomedical Engineering Presentation - Bioinformatics & Devices
Objective: Campers will learn about bioinformatics and how this area intersects with each of the
other areas. To learn how these fields come together to solve large problems.
Time: 30 minutes
Materials: presentation
Presentation- Bioinformatics:
•
•
•

•
•

This field is concerned with processing scientific data in order to see trends or identify
effects from experiments.
In research, bioinformatic specialists process data from experiments to find significant
evidence.
In industry, bioinformatic specialists may analyze post-market data to make sure the
product is still safe and effective, and may decide that adjustments need to be made to the
product.
Decide the best way to process data from different experiments
Examples:
o Matrix displacement of cells on hydrogels (how much the cells pull on the
surface). This is an important thing for scientists to know because if they are
trying to design a matrix for cell growth and the cells are not grabbing onto it,
they will need to make changes so that cells can adhere and grow. In this
example, a bioinformatics specialist may to write a code to quantify the amounts
of pulling. Here, the code causes different strengths of pulling a different color [r].
o Cell counting data. In many experiments, it is important to count your cells over
time. Counting cells can tell you how fast cells are growing and can even help a
scientist infer the health of the cells. A bioinformatics specialist might write a
code to count the number of cells based on shape (the program only counts
circular cells). But what if the cells are slightly different shape? Or different
sizes? Or are touching or on top of each other? They will need to write a more
detailed code to solve these problems [s].

We talked about 5 areas of biomedical engineering, though there are many more. These areas
frequently overlap, allowing engineers to collaborate and design incredibly innovative solutions.
Many of these areas can overlap and intersect, such as when medical devices are being created.
This is the DaVinci Robotic Surgery device. Many surgeons felt that they wished they had more
arms to do surgery, and having multiple surgeons operating simultaneously is difficult. So, this
device was designed with 8 arms to hold different instruments while a surgeon uses this control
panel to use all of them.
▪

Questions: What kinds of engineers (biomedical or otherwise) would have helped
make the DaVinci Robotic Surgery device?
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•

•

o Mechanical, electrical, computer, biomaterials, biomechanics (surgeon has to be
able to use hand controls without fatigue), general biomedical engineers so that
the device actually makes sense for what forces the body can handle.
What are some problems this machine solves?
o Could do long-distance surgery (across the world even), less germs, less
variability between surgeons, more stable (human fatigue is not a problem).
What are some problems this machine could cause?
o Current surgeons have to relearn the technique, no sense of touch, procedures
often take longer because the surgeon is not physically interacting with the patient
and has to see through a screen.
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Activity #2 - Scientist of the Day
Objectives: Campers will see different people in engineering and to learn about how the fields
of biomedical engineering work together to solve problems.
Approximate time needed: 10 minutes
Materials: Projector, campers’ notebooks, pencils
Procedure:
1. Show this video from 0:00 to 3:13: https://www.youtube.com/watch?v=Qd5rAVHT6Vw
2. Lead a discussion with these questions:
▪

▪

▪

What were some of the problems with current cancer treatments?
o Chemotherapy is non-specific, it goes everywhere in the body. Even selective
drugs can accumulate in other organs or pass through the body without treatment
Dr. Wayne works in a field of biomedical engineering called “drug delivery”. What other
fields of biomedical engineering are involved or intersect with drug delivery?
o Biomaterials- nanoparticles are commonly used in drug delivery, and the
materials used need to be evaluated for biocompatibility. In this example, lipids
were used, which make up fats in the body. This is an example of a natural
material. Fun fact: hydrogels, both synthetic and natural, are also being developed
for drug delivery.
o Imaging- this area might be used to quantify, or gather data from the trials of this
drug delivery system. Special equipment or tracers could be used to study the
system during experiments.
o Tissue Engineering- this area might be used to test how plain cells or simple
layers of tissue will respond to the treatment before the delivery system advances
to clinical trials
o Bioinformatics – this area would use computer science to gather data from studies
involving drug delivery, including the tissue engineering experiments just
mentioned and also data from clinical trials, which is when people are given the
drug.
How does Dr. Wayne’s idea demonstrate the iterative design process of engineering?
o Dr. Wayne alluded to the fact that some treatments were almost
“overengineered”, meaning a treatment was developed, didn’t work, then they
kept adding modifications to make it work. Dr. Wayne took a step back, and after
seeing all of these rounds of modifications, decided it might be time to seek out
another solution. She thought of a way to allow the body to provide part of the
solution (the immune cells), instead of starting from scratch and having to
engineer the entire treatment.
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Activity #3 - Team Design(9)
Objective: Campers will apply engineering design concepts to solve multiple problems.
Materials:
•
•

Building materials: Straws, skewers, rubber bands, pipe cleaners, popsicle sticks,
masking tape, plastic silverware
Simulation boxes

Approximate time needed: 3 hours (can split up with Activity # 25)
Procedure:
1. Students are allowed to use any materials to make their device. They may design different
devices for each trial or try to invent one that can do multiple. Students will be allowed to try
each box once, redesign their device, and try again to see if their results change or improve. They
must complete the trial in 1.5 minutes. (If they do not, they will need to reevaluate their device
design.)
2. After the two trials, students must switch devices with a group and see if they understand how
to operate their device. After the first trial, the groups may confer to see if the trial group has any
suggestions for modifications. They may modify with the original group’s approval, then repeat
the trials to see if they have improved the devices function.
4. Next, each group will be given materials to design their own trial box. After the boxes are
designed, students may test their current designs on the boxes or modify their design to fit the
new trials.
5. Discussion: What was one idea you thought would work that didn’t go as planned? What
changes did you make? What worked well? The tasks may seem simple at first, but what did you
notice made them more difficult? Do you think the engineering teams and surgeons need to
communicate a lot in order to make sure the surgeons needs are met?
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Alternate Activity - Team Design Twists
Twist 1.
Purpose: To demonstrate the importance of direction writing and feedback.
Time: 30 minutes
Procedure:
1. Have the camper draw, label, and write instructions for constructing a device for one of the
camper-made boxes. Tell them to write it well.
2. Have them switch their design with another group. That group will construct the other group’s
device.
3. After the devices have been constructed, have the groups meet up. Have them discuss if that
was the device they pictured or if it is different or if anything was unclear in the instructions.
4. Have the groups test the devices they made and time their scenario box runs. Have this group
discuss modifications with the original groups design, Then, give the device back to the original
group and let them modify it and see if they can beat the time

Twist 2.
Purpose: To highlight how important it is to communicate fully to get one’s ideas across and help
the team find a solution.
Time: 10 minutes
Procedure:
1. Have campers switch their boxes (ideally one they have not seen yet).
2. Let only 2 group members look in the box. Then the two who looked in the box cannot talk or
touch the materials as they instruct the 3rd member how to make the box
3. The device maker can ask questions in the last 1 minute of making the device
4. Discuss how they felt while trying to make the device. What motions did you use to try to
communicate what to do? Did they understand all, some, or none of what you were trying to
motion? When you had one minute left, what was the most important question you had to ask?
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Activity #4 - Precision vs. Accuracy Frisbee (outside)
Objectives: Campers will learn the difference between accuracy and precision and the relation
between these concepts.
Approximate time needed: 30 minutes
Materials: 6 -10 frisbees, pencil and paper for each camper
Procedure:
Introduce the ideas of precision and accuracy. Precision is hitting the same mark every time,
regardless of how close you were to the actual goal target. Accuracy is the idea that while your
trials may be a little spread out, they average to equal the target value. If something is precise
and accurate, it will hit the target value repeatedly. If something is neither accurate nor precise, it
will be spread out randomly, not very close to the target.
1. Have the campers pair up (or groups of 3 if not enough frisbees). With their paper and pencil,
have each of them draw a rough picture (stick person) of the person they are throwing the frisbee
to. (If they are a group of 3, they must throw it in a circle, in the same order every time.)
2. As they play frisbee, each throw they will draw an X where the frisbee was going towards (if
they pretend their partner does not move to catch it).
3. After a few rounds, the partners will look at their pictures and help each other decide if they
were accurate, precise, neither, or both.
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Activity #5 - Closing Remarks & Survey
Objective: To gauge the effectiveness of the camp, what helped campers, and what could be
changed to give campers a better experience.
Approximate time needed: 5 minutes
Materials: pencils, surveys
Procedure:
1. I hope you enjoyed this camp and learned about many new and exciting areas of engineering! I
hope that you learned that biomedical engineering touches so many areas of our lives and helps
millions of people. Biomedical engineers are creative, collaborative, and find joy in being able to
create treatments and devices that help improve the quality of life for people with medical issues.
I hope you stay curious and keep asking questions when you’re out there in the world. You might
find your passion!
2. Play music and give students these surveys:
Post Survey 1:
I typically feel confident while learning science, math, and technology concepts in school.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

Asking questions is important to my learning.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

I want to ask questions, but doing so makes me feel nervous.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

I frequently compare myself to others in my science, math, and technology classes.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

I rarely see the positives when I make mistakes or struggle to understand a concept.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

One needs to be smart to go into a science, math, or technology field.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

One has to be hard-working to go into a science, math, or technology field.
[strongly disagree]

Post Survey 2:

[disagree]

[neutral]

[agree]

[strongly agree]
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I feel that this camp has given me tools and techniques to tackle scientific lessons and problems
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

This camp has shown me the importance of asking questions in classes
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

This camp has taught me to be more accepting of my mistakes
[strongly disagree] [disagree]

[neutral]

[agree]

[strongly agree]

Mistakes and failures are a normal part of the scientific process
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

I appreciate science, math, and technology subjects.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

This camp has changed the way I feel about engineering in a positive way
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]
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Alternate Activity- Gratitude Graffiti
Objective: Campers will learn how recognizing what you have can help us feel happier and
healthier. This activity will also help them see how biomedical engineering affects many lives
daily.
Approximate time needed: 15 minutes
Materials: Large piece of white paper (from a ream), many colors of markers, campers’
notebooks
Procedure:
1. Play music and ask students to reflect in their notebooks about something they are thankful
for. It could be something from this class, related to school, related to their friends, related to
opportunities they have had. In addition to these ideas, also ask them to come up with things they
are grateful for that biomedical engineers have created.
2. When students have their ideas, they can come up to the paper and write as many or as few
things as they want as big as they want in any color/s they want.
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